ABSTRACT -(Floristic diversity of two crystalline rocky outcrops in the Brazilian northeast semi-arid region). Floristic composition and structure of vegetation were studied in two rocky outcrop areas in the semi-arid region of northeastern Brazil. From April 2007 to September 2008, 18 monthly field trips were carried out. Vascular plants were randomly collected throughout the outcrop areas. For structural analysis, 30 plots of 1 × 1 m were set in the vegetation islands. The checklist presented combines 211 species (69 families and 168 genera), although only 56 species were collected in the plots. Fabaceae (18 spp.; 8.5%), Asteraceae (17 spp.; 8%), Orchidaceae (13 spp.; 6.1%), Euphorbiaceae (13 spp.; 6.1%), Bromeliaceae (10 spp.; 4.7%), and Poaceae (eight spp.; 3.8%) are the richest families. Overall, 1,792 shrub and herbaceous specimens were counted in the plots. The Shannon-Wiener (H) diversity index values were 2.572 and 2.547 nats individual -1 . The species that presented the highest absolute abundance values (number of plants) had low frequencies in the plots and vice-versa. The biological spectrum had a high proportion of phanerophytes and therophytes, followed by cryptophytes, chamaephytes, and hemicryptophytes. The studied flora shares floristic components similar to other rocky outcrop areas of the semi-arid region in northeastern Brazil, including in relation to dominant groups in the vegetation structure.
Introduction
Few vegetation formations have caught as much attention from the scientific community as the rocky outcrops. Most of such interest is due to their wide distribution and because they represent good experimental models, especially due to their easily delimitable spatial boundaries . However, the interests primarily turn to those environments because they shelter a peculiar biota, with several endemic species (Oosting & Anderson 1939 .
Studies in tropical rocky outcrop areas have been intensified since the end of last century. Most of them are from Porembski and collaborators , Porembski 2000 .
Despite that, there is a great knowledge gap concerning the crystalline rocky outcrops in Northeastern Brazil (Martinelli 2007) . In this region, they occur mainly in the Sertaneja Depression and the Borborema Plateau, as residual massifs or mountains (Silva et al. 1993) , differing geologically and biogeographically from campos rupestres of Chapada Diamantina, mainly in metamorphic rocks from sedimentary origin (predominantly quartzites) (Silva et al. 1993 , Alves & Kolbek 1994 , Alves et al. 2007 .
The floristic inventories in northeastern crystalline rocky outcrop areas started with França et al. (1997) in the state of Bahia. Those authors also approached aspects of the vegetation's structure (França et al. 2005 (França et al. , 2006 . After those initial studies, floristic checklists of rocky areas were published by Porto et al. (2008) for the state of Paraiba, Araújo et al. (2008) for the state of Ceará and finally Gomes & Alves (2009) for the state of Pernambuco (figure 1).
Nevertheless, basic aspects of the vegetation, such as which groups are dominant, are not yet clear (Martinelli 2007) , especially because the already existing work covers little of the quantity and diversity of the rocky outcrops found in the semi-arid region of Brazil (Ab'Sáber 2003) . Thus, this study presents the floristic diversity of two rocky outcrops from crystalline origin located in the semi-arid region of the state of Pernambuco. Araújo et al. (2008) , (II) Porto et al. (2008) , (III) Gomes & Alves (2009) , (IV, V) França et al. (1997 França et al. ( , 2005 França et al. ( , 2006 .
Material and methods
Study area -Most part of the Northeastern region of Brazil is characterized by a semi-arid climate, seasonally dry and with very high temperatures (Andrade-Lima 1981) . Sertaneja Depression is the typical landscape unit (around 370,000 km 2 ) where the rainy season is limited to few months of the year and the temperature is very high (Silva et al. 1993) . The annual pluviometry, in its core portion, is lesser than 600 mm, with annual average temperature between 25-29 °C (Ab'Saber 1974 , 2003 , Silva et al. 1993 .
Amongst the other landscape entities is the Borborema Plateau (around 45,000 km 2 ), located in the extreme east of the semi-arid region (figure 1). It is formed from a series of strongly weathered crystalline massifs with an altitude of 600 to 1,000 m (Silva et al. 1993) . The climate is characterized by accentuated irregularity in rain distribution and higher precipitation volume in the west than in the east (Silva et al. 1993) . Despite having a seasonal climate as well, the climatic conditions are milder in the plateau than in the depressions between plateaus (Silva et al. 1993 , Ab'Sáber 2003 . The annual average precipitation values range from 600 to 1,000 mm, which is higher than in the surrounding area (Conti 2005 , ITEP 2010 . However the average temperature is similar (Conti 2005 , ITEP 2010 .
The main vegetation is the savanna-steppe -caatinga (Silva et al. 1993) . However, exceptional aspects of lithology, hydrology, topography, and paleobotany explain the existence of other vegetation types, such as humid forests (Ab'Sáber 2003) . These humid forest refuges occurring in the Borborema Plateau are known locally as Brejos de Altitude and have a peculiar climate condition generated by the relief (see Vasconcelos-Sobrinho 1949 , Andrade-Lima 1982 . Thus, through these barriers to the air masses, the humidity is deposited in the windward A B C strands, grottoes and mountain valleys (Andrade-Lima 1982) . The vegetation established in these areas is ombrophilous or seasonal (Rodal et al. 2005) and can be classified as sub-montane when located between 100 and 600 m and montane when located over 600 m (Veloso et al. 1991) .
The two rocky outcrop areas studied in this work are mountain tops inserted in a Forest refuges, called "Brejo de Agrestina" (Vasconcelos-Sobrinho 1949) . They are 2 km apart from each other and approximately 150 km away from the Atlantic coast, in the state of Pernambuco (figure 1). The first one is called "Pedra da Guariba" (08°22'55" S-35°50' 38" W; figures 2 and 3), with an altitude of 620 m and ca. 0.4 km 2 in size. The second one is "Pedra Cabeça de Velho" (08°23'29" S-36°00'37" W; figures 4 and 5), which has an altitude of 740 m and ca. 0.35 km 2 in size. Both have a granite base with some gneiss inclusions.
In the study area, the dry season extends for 6 to 8 months, with precipitation between 12-52 mm per month, while the rainy season lasts for 4 to 5 months, with precipitation between 81-98 mm per month (ITEP 2010) . The annual average for precipitation is 662 mm and for temperature is 22.5 °C, with a range of 20 to 24 °C (ITEP 2010) .
The surrounding areas are occupied by small and medium farms. Bovine and poultry livestock and subsistence agriculture are the main activities. The rocky outcrop areas studied are less degraded than their surroundings due to their low potential for agriculture. However, Cabeça de Velho was affected twice by accidental fires within a three-year period. There is no record of fires in Guariba, but this fragment suffers more pressure from visitors than the first one. The area is cited as of extreme importance for environment inventories and for the creation of a protection area (Martinelli 2007 , MMA 2007 Figures 2-5. General aspect of two crystalline rocky outcrops in the Brazilian northeast semi-arid region: (2 and 3) Pedra da Guariba and (4 and 5) Pedra Cabeça de Velho. Arrows correspond to (2 and 4) island of vegetation.
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In rock outcrops there are extensive rock patches devoid of vascular vegetation (Meirelles et al. 1999) . Due to this, in order to avoid some plots falling out on a bare surface (e.g. see Caiafa & Silva 2007) , our sampling unity for abundance and frequency analyses of the species were the vegetation islands (figures 2 and 5). All vegetation islands that were accessible on the eastern faces (windward) were numbered. The vegetation located leeward could not be included in the analyses because these sites were inaccessible due to their high slope. In total, 178 islands were marked: 109 in Guariba and 69 in Cabeça de Velho. Then, 30 vegetation islands were randomly chosen, 15 from each outcrop, and plots of 1 × 1 m were plotted in each selected island. For the vegetation islands longer than 1 m length and/or width, the place to set the plot was randomly chosen, from left to right. In each plot the species and the number of individuals per species were counted. An individual was defined as being the whole aerial axis of a plant without any connection to another axis at or above soil level. For the plot analyses, the data were collected in July 2007 and 2008, since this is one of the months with the highest precipitation in the study locality.
Data analysis -Species identifications were made by reference to the collections available at UFP, PEUFR, IPA, HUEFS, SP and SPF, literature and taxonomists. For some taxa collected in a seedling stage in the plots, the species level identification was not possible. The floristic checklist is according to APG III (2009) and Tryon & Tryon (1982) . The species were classified into Raunkiaer's life-forms (1934) . With the data from the plots, the parameters of absolute dominance, relative dominance, absolute frequency, and relative frequency were calculated according to Mueller-Dombois & Ellenberg (1974) . The Shannon-Wiener (H) diversity and Jaccard similarity indexes were calculated with PAST software version 1.77 © .
Results
Floristic -The 211 species were found in the random sampling collected from both localities and the whole outcrop area, consisting of 205 angiosperms and 6 pteridophytes, belonging to 69 families and 168 genera ( Overall, there were 143 species exclusive to one of the two areas and 67 shared species. The richness of Guariba (154 species) was greater than that of Cabeça de Velho (125 spp.). Guariba had 86 exclusive species and 18 exclusive families. In Cabeça de Velho, there were 57 exclusive species and 12 exclusive families (table 1). The Jaccard similarity index between the studied areas was 0.347. .
Agave sisalana (Henderson 2004) , Melinis minutiflora (Arce & Sano 2001) , and Crotalaria lanceolata (Lewis 1987) Cyrtopodium flavum (Orchidaceae), Orthophytum disjunctum (Bromeliaceae), Bulbostylis scabra (Cyperaceae), Aechmea leptantha (Bromeliaceae) and Poaceae 3 had the highest absolute and relative densities at Guariba. At Cabeça de Velho, A. leptantha, Paliavana tenuiflora (Gesneriaceae), Pterolepis polygonoides (Melastomataceae), P. myocephalus and Euphorbia insulana (Euphorbiaceae) had the highest values for these same parameters (table 2, figures 6-7). The Shannon-Wiener (H) diversity index values were 2.572 and 2.547 nats individual -1 for Guariba and for Cabeça de Velho, respectively.
Biological spectrum -At Guariba the phanerophytes represented 49% (76 spp.) of the total number found, and the therophytes came in second with 28% (43 spp.). They were followed by the cryptophytes (12%, 18), chamaephytes (6.5%, 10) and hemicryptophytes (4.5%, 7). At Cabeça de Velho, the same order was found, except for the smallest difference in the values for phanerophytes (43%, 90 spp.) and therophytes (38%, 79). The other life forms showed the following values: cryptophytes (11%, 22), chamaephytes (5%, 11) and hemicryptophytes (3%, 6). See figure 8.
Discussion
Floristic -The aforesaid families are very common for rocky outcrops in general ) and have been found in previous studies in the semi-arid region in Brazil (França et al. 1997 , 2005 , Araújo et al. 2008 , Gomes & Alves 2009 ). Fabaceae and Euphorbiaceae are important components of rock outcrops vegetation in semi-arid region. Chamaecrista, Crotalaria, Senna, Stylosanthes, and Zornia (Fabaceae) and Croton, Cnidoscolus, and Euphorbia (Euphorbiaceae) are also well represented in other northeastern outcrops (França et al. 1997 , 2005 , Carneiro-Torres et al. 2002 , Araújo et al. 2008 , Porto et al. 2008 , Gomes & Alves 2009 ). These data indicate an important relationship with the caatinga flora, where the families are extremely diversified (Sampaio et al. 2002) . However, the current level of knowledge is not enough to score the proportion of species shared by both vegetation types.
Asteraceae, which is the second largest group in the study area, presented low richness in outcrops from northeastern Brazil, except for data found by Araújo et al. (2008) . Despite that, some species found in the study areas also occur in other rock outcrops of the region, such as Delilia biflora, Emilia sonchifolia and P. pacourinoides, in addition to different species of Gochnatia and Vernonia (França et al. 1997 , Araújo et al. 2008 , Porto et al. 2008 . These taxa differ from those that colonize outcrops from the southeast region (e.g. Meirelles et al. 1999 , Oliveira & Godoy 2007 , with exception of widely distributed species such as Achyrocline satureioides (e.g. see Ribeiro et al. 2007) .
Orchidaceae is well represented in almost all Brazilian rocky outcrops (e.g. França et al. 1997 , 2005 , Gomes & Alves 2009 ) as well as in the presently studied areas. Cyrtopodium, Catasetum, and Habenaria are the most widespread genera of this family in the northeastern rock outcrops (França et al. 1997 , Araújo et al. 2008 , Porto et al. 2008 , Gomes & Alves 2009 ), and they were also found here.
The richness of Bromeliaceae is also in accordance with other studies of rock outcrops in Brazil (see França et al. 2005 , Caiafa & Silva 2007 , Gomes & Alves 2009 , Ribeiro et al. 2007 . Each region is characterized by a restricted group of taxa from this family in generic or infra-generic level and only Tillandsia is common along Brazilian east coast (e.g. Meirelles et al. 1999 , Oliveira & Godoy 2007 , França et al. 2006 . For this family, 50% of the species occurred only at Guariba. In other words, a peculiar flora for each region or a differentiated one even in geographically close areas is very common in rock outcrops (Barthlott et al. 1993) . Finally, Poaceae, the fifth richest family within the study area, is also one of the most representative families in the outcrops, but at Pantropical scale (see .
The two areas have distinct flora, even with elevated Jaccard similatity index (0.347), considering the values of the same similarity index (from 0.05 to 0.25) calculated (from 0.05 to 0.25) in another study comparing rock outcrops of northeastern Brazil (Gomes & Alves 2009 ). The differences in the richness and floristic composition could be related to several factors, such as altitude, historical devastation, and ecological succession (Begon et al. 2006) . For example, orographic precipitation is more common in Cabeça de Velho (personal observations) and can help the establishment of more hydrophytic species, such as Schultesia guianensis. This hydrophytic group includes U. nigrescens, and Drosera montana, carnivorous plants that are exclusively found at Cabeça de Velho (table  1) . They are cited as being species well adapted to rocky outcrops, indicating a dystrophic substrate (Michelangeli 2000 , Saridakis et al. 2004 . As a consequence of this nutrient limitation, combined with other edaphic and climatic factors, the plants show morphophysiological adaptations that result in high levels of endemism in these environments (Ibisch et al. 1995 , Porembski et al.1996 , Biedinger et al. 2000 , Seine et al. 2000 . Even thought the West face (leeward) of the rock outcrops was not evaluated, its composition appears to be very similar to the one at the East face (windward). However, the richness is apparently lower due to the absence of some mesophyte and hydrophytic species.
Invasive species in the study areas may cause severe damage to the native community due to their high competitiveness (Abe et al. 2008) , and their occurrence has already been observed in other rock outcrops (Meirelles et al. 1999 , Porembski 2000 . Their impact on the rock outcrop native vegetation is still unknown. But, apparently, A. sisalana competes for physical space with Hohenbergia catingae (Bromeliaceae) because both occur in very similar edaphic conditions (personal observations).
Restricted species -Regarding the restrict taxa, the available information on rock outcrops in northeastern Brazil is scarce. Based on Giulliett et al. (2002) , Sales et al. (2006) , MMA (2007) and on herbarium data (Species Link 2010), only three species can be identified. Among them, M. dardanoi is very frequent in the study areas and occurs in other rock outcrops of the Borborema Plateau (Porto et al. 2008 , Gomes & Alves 2009 . Other species of the genus Mandevilla have a close relationship with rocky substrates, and some of them, such as M. dardanoi generally occur associated to Bromeliaceae species (Sales et al. 2006) .
Ameroglossum pernambucense usually occurs in small cracks. This microhabitats specificity may explain its lower frequency in nature and local herbaria. Until not so long ago, A. pernambucense was known only in the type locality (Fischer et al. 1999 , Giulietti et al. 2004 , geographically very close to the two studied areas; nowadays, it is known from other outcrops in the states of Pernambuco and Paraíba (Porto et al. 2008, personal observations) . The third species, P. pacourinoides, known from more localities than the others, occurs only in rocky substrates, from calcareous at Chapada do Apodi (state of Ceará) to granitics at Borborema Plateau (Species Link 2010).
Structure of vegetation -The Shannon-Wiener diversity index values from both study areas are similar to the value (2.07 nats individual -1 ) for another inselberg in the semiarid region (França et al. 2006) . These values are also close to the values found (2.08-2.52 nats individual -1 ) for the herbaceous community in a nearby caatinga area (Araújo et al. 2005) .
The vegetation structure analyses showed that many species are rare, because 75% of the total of 211 were not re-collected in the plots. The majority of these species registered in the plots presented low values for the structural traits in both areas, with few species being dominant or frequent. Futhermore, the species with the highest densities and frequencies were diversified between the areas.
The species with the highest density values had proportionally more individuals, yet with lower frequency. Amongst them, only P. myocephalus was found in more than one plot (five) in the area of Cabeça de Velho. The low occurrence of the other species is probably due to the lack of sites with adequate environment conditions. For example, the individuals of H. indicum occur exclusively in flooded areas and complete their life cycle in the rainy season.
Aechmea leptantha and O. disjunctum (Bromeliacee) are amongst the most frequent species in the plots and are in accordance with other outcrops in the semi-arid region (França et al. 2006) . Aechmea leptantha is important for vegetation islands formation and seems to be the pioneer in the colonization of bare rock patches in the study areas. Encholirium spectabile seems to exert this role in the leeward face, apparently being the dominant species throughout this side. This shows that Bromeliaceae is a taxonomic group with a high importance to the vegetation structure of the local rock outcrops. Paliavana tenuiflora (Gesneriaceae) characterizes the vegetation physiognomy of these outcrops as well. It was the second most frequent species at Cabeça de Velho and one of those which had the sixth highest frequency in Guariba. None of the invasive species were relevant on the vegetation structure.
Biological spectrum -The physical structure of plant communities is also indicated by the species life forms (Philips 1982) . In this aspect, the biological spectrum of both areas was similar. Both areas presented a higher proportion of phanerophytes, as well as it occurs in other rock outcrops in Brazil (Meirelles et al. 1999 , Conceição & Giulietti 2002 , Ribeiro & Medina 2002 , Conceição & Pirani 2005 , França et al. 2005 , Caiafa & Silva 2005 , Conceição et al. 2007 , Ribeiro et al. 2007 , Araújo et al. 2008 . The phanerophytes are represented in the study areas by different growth forms, such as vines, shrubs and trees, and they occur preferentially in patches with deeper soil. Amongst the phanerophytes, only Begonia saxicola (Begoniaceae) was found in patches with thin humus layer.
Even though the therophytes characterize the studied vegetation, their proportion is variable between them. Therophytes are well represented in rock outcrops in Africa (Porembski et al. 1996 . In Brasil, the therophyte group was the most common in only one rock outcrop in the state of Ceara, (Araújo et al. 2008) . Climatic factors, such as seasonal water availability, are described as being the main modulators in the life forms distribution (Raunkiaer 1934) . However, under the same mesoclimatic conditions, the two rock outcrops presented distinct proportions of therophytes, and Cabeça de Velho is the only one with recent fire historic. The dominance of therophytes after the fire episodes and its subsequent decrease in later stages of the community is recognized in mediterranean ecosystems (e.g. see Hanes 1971 , Verroios & Georgiadis 2002 . This may suggest that the results observed at Cabeça de Velho are a similar reaction from the vegetation to this factor.
The other life forms had a low representativity. The cryptophytes were restricted to the outcrop patches with deeper soils, due to their characteristic underground systems (see Raunkiaer 1934 , Galán de Mera et al. 1999 . The small proportion of hemicryptophytes found is not in agreement with previous studies carried out in Brazil, where this group is generally well represented (Conceição & Pirani 2005 , Ribeiro & Medina 2002 , França et al. 2005 , Conceição et al. 2007 , Ribeiro et al. 2007 . Differently from the cryptophytes, species of this life form colonize patches of bare rock, as demonstrated by A. leptantha. On the other hand, the low occurrence of chamaephytes is in accordance with the data collected from other outcrops of northeastern Brazil (Araújo et al. 2008 , Porto et al. 2008 , although this life form is more frequent in outcrops of milder climate, in the southeast of the country. (e.g. Ribeiro et al. 2007 ).
In conclusion, the rock outcrops studied have a floristic relationship with other outcrops of the region and the country, but also have peculiarities in terms of flora and structure. In the biological spectrum, the high proportion of therophytes is the main difference amongst them, but more studies about the possible effects of fire in the life forms succession pattern are required. One very important characteristic is the presence of species from the surrounding vegetation, making the rock outcrops potential sources for the regeneration of this matrix, which is extensively degraded by human activities. Restricted species also aggregate value to the conservation, but more floristic and ecological studies about the semi-arid`s rock outcrops vegetation are needed to allow effective inferences about its ecological, phytogeographic and physiognomic relations.
